formed by reduction of o-nitrotoluene is used for production of azodyestuffs being important pigments for textiles. At the moment, nitrotoluena is reduced to o-hydrazotoluene by zinc dust after which hydrazotoluene is rearranged into tolidine. Environmental reasons forced us to seek an alternative in the electrochemical route for tolidine production.
Abstract--o-Tolidine formed by reduction of o-nitrotoluene is used for production of azodyestuffs being important pigments for textiles. At the moment, nitrotoluena is reduced to o-hydrazotoluene by zinc dust after which hydrazotoluene is rearranged into tolidine. Environmental reasons forced us to seek an alternative in the electrochemical route for tolidine production.
On the basis of voltammograms, controlled-potential electrolyses were carried out for nitrotoluene in alkaline ethanol-water solutions and in alkaline aqueous solutions containing McKee smlt and for azoxytoluene m alkaline and acidic ethanol-water solutions as well as in acidic aqueous solutions containing McKee salt in acid.
It has been found that production of tolidine has to take place in at least two steps, namely in alkaline solutions for the reduction of nitrotoluene to azoxytoluene and in acidic solution for the reduction of azoxytoluene to hydrazotoluene which 1s then directly rearranged into tdidine. To obtain a high chemical yield and current efficiency for azoxytoluene formation in ethanol-water media the reduction has to be carried out at high nitroluene concentrations. For Pt. Ag 
pigments of textiles[ l].
An electrochemical production method may be attractive for both economical and environmental reasons. Tolidine is formed from 2,2' dimethylhydrazobenzene (o-hydrazotoluene or hydrazotoluene) by the beuzidine rearrangement which occurs only in acidic media [2] . The reduction of nitrotoluene to 2.2' dimethylazoxybenzene (rr-azoxytoluene or azoxytoluene) however, must take place. in alkaline media [3] ; further reduction to hydrazotoluene can be performed both in alkaline and acidic media. Consequently, at least two separate operations are needed for production of tolidine from nitrotoluene. Hitherto, in the industrial production of tolidine nitrotoluene is reduced to hydrazotoluene by zinc dust in two separate hatch operations and following that, again in a batch operation, hydrazotoluene is rearranged into tolidine.
Most experimental results, however, have been obtained [3, 43 on the reduction of nitrobenzene. Reaction schemes for the reduction of nitrobenzene are proposed [3, 5] and it is to be expected that [3, 5, 8] that the hydrazo compound can not be produced electrochemically in one continuous electrolytic process. A continuous process for the production of tolidine would stand a good chance of competing economically with the chemical production processes [4] . In order to prove this possibility the reduction of nitrotoluene to azoxytoluene in alkaline solution and of azoxytoluene in both alkaline and acidic media was investigated. Only in the latter case the rearrangement of hydrazotoluene occurs in the electrolytic cell. This means that a separate rearrangement operation can be omitted.
EXPERIMENTAL

Controlled-poienrial electrolysis
A cross-section of the electrolytic cell used for the reduction of azoxytoluene is shown in Fig. 1 . The thermostated cell was divided by a cation-exchange membrane (Naphion 425) into a cathodic and an anodic compartment.
Under the circumstances indicated below, solid reduction products were separated during electrolysis from the catholyte in large amounts. To prevent crystals adhering to the cathode, a sessile cathode of 33 cm2 was placed about 3 cm above the bottom of the cathodic compartment (Fig. 1) . A platinum foil of 20cm2 served as the anode.
The nitrotoluene was reduced in an almost identical cell; only position and surface area of the cathode were different: the cathode with a surface area of 44 cm2 served as the bottom of the cell. Preliminary experiments showed that an acidic anolyte must be used to avoid a strong increase in ohmic resistance of the anolyte during electrolysis. Mostly, a 2 M H2S04 solution served as the catholyte, circulated at a rate of about 5 cm3/min.
During electrolysis, the catholyte, mostly 500 cm3, was agitated by a propeller-type stirrer (5 rev/s). The catholyte was sampled with a syringe; if the catholyte contained small droplets or particles in not too large amounts, the stirring was more vigorous during sampling, so that representative samples were obtained. The solid reduction products were filtered off after electrolysis, washed with ethanol and dried in air. They were then analysed with a liquid chrornatograph together with the filtrate of the catholyte and the washing liquid of the solid products and the cell.
In many experiments the pH of the catholyte was kept constant by using a titrator (Radiometer TTTZ) and an autoburette (Radiometer ABU 13).
All the electrolyses were carried out at a controlled cathode potential. The potential between cathode and reference electrode (a saturated calomel electrode) was adjusted with a potentiostat (Wenking type 70 HPS). (NH4)2S04 was used as the supporting electrolyte in an agar bridge except for some experiments in which azoxytoluene was reduced in acidic media. In these cases the sodium salt of the organic acid present in the catholyte was used.
Analysis
Liquid chromatography with uu detection was used to analyse both the catholyte samples and the solid products formed. A separation column (length 14-20 cm, id 0.4 cm) packed with 5 Frn adsorbent Lichrosorb SI 100 or Lichrosorb SI 60 was used. Further details: duent pumping rate at 20°C: 0.6-1.0 cm'jmin; eluent: a mixture of iso-octane, dichloromethane and ethanol (or isopropanol); LC 3 uu detector (Pye Unicam) at a fixed wave length, viz 254 nm.
The volumetric ratio of these solvents was about 660:40: 1 for the determination of nitrotoluene, azotoluene, azoxytoluene, hydrazotoluene, nitrosotoluene and toluenehydroxylamine; it was about 20: 5 : 1 for the determination of tolidine and related compounds. The degassed samples (l&20 ~1) were injected with a syringe injection device. All pure test substances (with the exception of diphenyline) were available for identification and calibration. The extinction coefficient for diphenyline was obtained from the ratio of the chemical yield of tolidine and diphenyline, uiz Rtoiididbiphmylioc is 8.0, for a rearrangement of hydrazotoluene carried out as desaibed [9, lo] . In addition, the ir spectra and the melting points of the solid reduction products were determined for their identification. It was found that in alkaline solutions with 0.4-1.0 M NaOH nitrotoluene can be reduced to the rather stable products azoxytoluene, azotoluene and hydrazotoluene. Moreover, when the analysis was carried out directly after sampling the unstable nitrosotoluene was also detected. Besides these products mentioned, it was found, however, that still other products that are difficult to identify were formed. For instance, in a separate experiment it was chromatographically found that nitrosotoluene reacts with ethanol and/or nitrotoluene to a stable compound which was also present in the catholyte at the end of a nitrotoluene electrolysis. The formation of toluenehydroxylamine. as an intermediate could not be established.
In contrast to literature[SJ formation of o-toluidine (toluidine) by nitrotoluene reduction in an alkaline ethanol-water solution was not observed. LSb[l l] has found that nitrotoluene in alkaline ethanol-aqwous solution can be reduced almost quantitatively to azotoluene or hydrazotoluene, depending on the type of electrolysis. In Figure 2 a characteristic plot at constant cathode potential for the concentrations of nitrotoluene, azoxytoluene, azotoluene, hydrazotoluene and nitrosotoluene are given as a function of the time electrolysis. This plot shows that after t = 4 h both the nitrotoluene and the azoxytoluene concentrations decrease, whereas the hydrazotoluene concentration increases and the azotoluene and nitrosotoluene concentrations increase up to a fixed value and then remain constant. During the first four hours of electrolysis, nitrotoluene is almost completely reduced to azoxytoluene. From the results shown in Fig. 2 it must be concluded that the concentration of nitrotoluene strongly affects the ratio of the quantities of the reduction products.
To varify this conclusion, the starting concentrations of nitrotolune were varied. Fig. 3 shows that the chen&al yield F&,Xyt,,trmc decrease-with decreak ing nitrotoluene concentration; it was about 80 per cent at a nitrotoiuene concentration of about 20 mM (Fig. 3) . In these experiments only the concentration of nitrotoluene and that of azoxytoluene were determined. The effect of the cathode potential on the chemical yield is shown in Fig. 4. the chemical yield ratio Rhy~~al~~/R<d~~i~ increases with increasing NaOH concentration and decreases with increasing current density. For a bronze cathode at which the added nitrotoluene was always completely reduced, a maximum Rtol~dirr of about 25 per cent was obtained.
Low nitrotoluene concentration ( < 0.1 M).
A typical relation between the nitrotoluene and the azoxytoluene concentration during electrolysis is plotted in Fin. 3. The slone of the curve in
High nitrotoluene concentration (c OSM
3.3. Reduction of azoxytoluene in alkaline ethanol-water media
In agreement with the literature [3] it was found that only azotoluene and hydrazotoluene are Formed during reduction of azoxytoluene in alkaline solution. A characteristic result of an azoxytoluene electrolysis is shown in Fig. 6 . In this figure the concentration of azoxytoluene, azotoluene and of hydrazotoluene are plotted vs the quantity of charge passed through the cell for an ethanol-water solution containing I M NaOH. During the electrolysis the azotoluene concentration remained practically constant. From  Fig. 6 Table 1 the results of some azoxytoluene electrolyses are summarized. The initial concentration of azoxytoluene was about 0.2M, the ethanol-water ratio of the catholyte was 9 : 1, a stainless steel 316 sheet of 33 cm2 was used as the cathode and the cathode potential was -700 or -800mV us see. In most of the experiments only the catholyte was analysed at the end of the electrolysis and, moreover, only &dine was determined.
Reduction of azoxytoluene in acidic water media
The solubility of azoxytoluene in aqueous solutions. 
